6-Phosphogluconate dehydrogenase: the mechanism of action investigated by a comparison of the enzyme from different species.
The mechanism of action of 6-phosphogluconate dehydrogenase with the alternative substrate 2-deoxy 6-phosphogluconate was investigated using enzymes from sheep liver, human erythrocytes and Trypanosoma brucei. The three enzymes oxidize 2-deoxy 6-phosphogluconate, but only the sheep liver enzyme releases the intermediate 2-deoxy,3-keto 6-phosphogluconate. Kinetic comparison showed that an increase in the rate of NADP+ reduction at high pH is due to increased release of the intermediate, rather than an increase in the overall reaction rate. 2-Deoxy,3-keto 6-phosphogluconate is decarboxylated by the erythrocyte and trypanosome enzymes but not the liver one in the absence of either NADPH or 6-phosphogluconate, which act as activators. The pH dependence of decarboxylation and the degree of activation suggest that 6-phosphogluconate is the activator which operates under normal assay conditions, while NADPH acts mainly by increasing the binding of the intermediate. The data suggest that the activity of 6PGDH is subjected to a two-way regulation: NADPH, which regulates the pentose phosphate pathway, inhibits the enzyme, while 6-phosphogluconate, levels of which rise when NADPH inhibition is removed, acts as an activator ensuring that 6-phosphogluconate is rapidly removed.